INTRODUCTION {#sec1-1}
============

*Helicobacter pylori* (*H. pylori*) selectively colonizes gastric epithelium and is the most common bacterial infection worldwide.\[[@ref1]\] Increasing evidence indicates that *H. pylori* is the strongest risk factor for malignancies that arise within the stomach.\[[@ref2]\] Because of clinical relevance, the World Health Organization (WHO) has classified *H. pylori* as a class I carcinogen for gastric cancer.\[[@ref3][@ref4]\] *H. pylori* adheres to gastric cells and by virulence factors such as *vacA* and *cagA* causes damage to cells.\[[@ref5][@ref6]\] Although the exact carcinogenesis mechanism of *H. pylori* is unknown, accumulating evidence indicate that high amount of reactive oxygen and nitric oxide, which react with nuclear DNA and cause different mutations in the genes, ultimately lead to the accumulation of DNA damage, genetic defects, and appearance of malignant cells.\[[@ref4][@ref7]\]

Recent studies showed that bone marrow-derived mesenchymal stem cells (BMD-MSCs) are multipotent cells and are able to migrate cross tissue to differentiate into many cell types including tumor cells.\[[@ref8][@ref9][@ref10]\] In general, whenever tissue injury occurs stem cell particularly BMD-MSCs start to repair the damaged tissue. However, in the case of chronic inflammation due to persistence of *H. pylori* infection in stomach, the local stem cells fail to repair the injured tissue. This may allow BMD-MSCs to migrate and engraft within gastric stem cell niches. Once BMD-MSCs engrafted, and because of *H. pylori* persistence, these cells are exposed to many *H. pylori*-derived substances and various inflammatory factors which is likely to drive their transformation to gastric adenocarcinoma.\[[@ref10][@ref11]\] Nevertheless, the specific molecular mechanism of migration and homing of BMD-MSCs into the gastric tissue have not been yet elucidated.

Chemokines are a superfamily of small peptides that are involved in many physiological processes such as cell trafficking. These molecules mediate the migration of leukocytes in inflammatory sites and most of them are increased during infection and inflammation.\[[@ref12][@ref13]\] The stromal-derived factor-1 (SDF-1) and its receptor, CXCR4, play an important role in retention and engraftment of hematopoietic stem cells (HSCs) within the bone marrow\[[@ref14]\] as well as metastasis of various tumors such as gastric, breast, and lung cancers.\[[@ref15][@ref16]\] The expression of CXCR4 on many cancer cells implies that the SDF-1/CXCR4 axis influences cancer biology and plays a crucial role in metastasis of CXCR4-expressing cells to target tissues that produce a high level of SDF-1.\[[@ref17]\] Furthermore, SDF-1 and CXCR4 have been shown to be upregulated during hypoxia and tissue injury.\[[@ref18][@ref19][@ref20]\] Liu *et al*. have recently shown that preconditioning of MSCs in hypoxia resulted in CXCR4 upregulation and increased recruitment of these cells to ischemic kidney, which express a high amount of SDF-1 than normal kidney\[[@ref18]\]. Moreover, a recent study reported that the levels of CXCR4 in *H. pylori*-positive gastric cancer were significantly higher than those with *H. pylori*.\[[@ref21]\] In the current study, we aimed to examine the possible effect of *H. pylori* infection on the SDF-1/CXCR4 axis in BMD-MSCs. We have found that *H. pylori* significantly enhances CXCR4 expression in BMD-MSCs and these *H. pylori* treated cells show a better response to SDF-1 gradient.

MATERIALS AND METHODS {#sec1-2}
=====================

Bacterial culture {#sec2-1}
-----------------

*H. pylori* bacteria were isolated from clinical biopsy of a patient with peptic ulcer. Single colonies of *H. pylori* strain were isolated and confirmed for identity according to colony morphology, wet mount, and microscopic observation after Gram staining and biochemical analysis (urease and catalase tests). *H. pylori* strains were cultured on brucella agar plates supplemented with sheep blood (10% v/v), fetal bovine serum (FBS) (7% v/v), and antibiotics (10 mg/L of vancomycin, 2 mg/L of amphothericin B, 50 mg/L of polymyxin B) in a microaerophilic gas mixture composed of 5% O~2~, 10% CO~2~, and 85% N~2~ at high humidity. DNA was extracted from bacteria and the presence of *cagA*, *vacA*, and *urease* genes were analyzed by PCR using the primers. Primer sequences were designed using Gene Runner software (<http://www.generunner.net>) and are listed in [Table 1](#T1){ref-type="table"}.

###### 

Primer sequences for PCR

![](ABR-3-19-g001)

Cell culture {#sec2-2}
------------

The AGS cell line (human gastric adenocarcinoma cell line) was purchased from Iran Pasteur Institute (Tehran, Iran) and were cultured in RPMI 1640 supplemented with 10% FBS (Gibco, Manchester, UK) at 37°C in a humid incubator with 5% CO~2~. Human BMD-MSCs were expanded *in vitro* from the bone marrow of healthy donors after informed consent was obtained. Mononuclear cells (MNCs) were isolated by gradient centrifugation at 2,500 rpm for 30 min on Ficoll-Paque™ Plus (Amersham Pharmacia Biotech, Uppsala, Sweden). Then, plated at a concentration of 20-30 × 10^6^ cells/cm^2^ in Dulbecco\'s Modified Eagle Medium (DMEM) containing 20% (v/v) of FBS. Then, nonadherent cells were removed 2 days later and a fresh medium was added. BMD-MSCs were trypsinized when the cultures reached 80-100% confluence and subcultured. The purity of MSC suspensions was assessed by flow cytometry using the following monoclonal antibodies: anti-CD34-FITC, CD45-FITC, CD73-FITC (all from Biolegend, Ankara, Turkey), and Stro-1 (R&D, Istanbul, Turkey).

Bacterial coculture {#sec2-3}
-------------------

First, the *H. pylori* colonies were collected and suspended in culture medium and the optical density (OD) was adjusted to one absorbance units at 600 nm, corresponding to a bacterial concentration of 2 × 10^8^ CFU/mL. Then, *H. pylori* bacteria were added to the subconfluent BMD-MSCs or AGS cells in culture media without FBS in 25-cm^2^ tissue culture flasks (the bacteria-to-cell ratio was approximately 100:1) and cultured in a 5% CO~2~ incubator at 37°C for 24 h. Cells were then harvested and used for flow cytometry and quantitative reverse transcription polymerase chain reaction (qRT-PCR) assays.

Reverse transcription polymerase chain reaction and quantitative reverse transcription polymerase chain reaction {#sec2-4}
----------------------------------------------------------------------------------------------------------------

Expression of mRNA for CXCR4 and SDF-1 was evaluated in BMD-MSCs and gastric epithelial cells, respectively. RNA was isolated using a RNA extraction kit (Bioflux, Basel, Switzerland) and RNA was transcripted into cDNA using of Bioneerkit (Bioneer, Daejeon, South Korea). Reverse transcription-polymerase chain reaction (RT-PCR) procedures were carried out using primer (designed by Gene Runner software) sequences as listed in [Table 2](#T2){ref-type="table"}. Amplification was performed with a thermocycler (Mastercycler, Eppendorf, Westbury, NY) and the PCR products were electrophoresed on a 2% agarose gel containing ethidium bromide. The PCR products were visualized by a gel document system.

###### 

Primer sequences for qRT-PCR

![](ABR-3-19-g002)

Real-time quantitative reverse transcription PCR (real-time qRT-PCR) was performed in a sequence detection system (Rotor-Gene™ 6000, Corbett Life Science, Sydney, Australia) and carried out using SYBR Green dye detection protocol. Relative quantitation of CXCR4 and SDF-1 mRNA expression was calculated using the comparative CT method.\[[@ref22]\] The relative quantitation value of mRNA expression for CXCR4 and SDF-1 was normalized to an endogenous control β-actin gene as previously reported.

ELISA assay {#sec2-5}
-----------

The concentration of SDF-1 levels were examined using an enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer instruction (Ray Bio, Middlesex, UK). Supernatants were collected 24 h after coculture of AGS cells and *H. pylori*, centrifuged at 11,000 rpm for 10 min to discard bacteria and cell debris, and stored at −80°C until assayed.

Fluorescence-activated cell sorting analysis {#sec2-6}
--------------------------------------------

BMD-MSCs were cocultured with *H. pylori* for 24 h, harvested, and washed with FCM buffer (PBS containing 1% BSA) three times. Cells were stained as described previously.\[[@ref23]\] Briefly, cells were incubated with 10 μg/mL of mouse anti-human CXCR4 (Santa Cruz, Dallas, TX) or isotype antibody (Dako, Glostrup, Denmark) for 45 min on ice, then washed and incubated with goat anti-mouse FITC conjugated secondary antibody (Dako) for 30 min. Cells then were washed three times, fixed in 1% paraformaldehyde, and subjected to FACS analysis (FACS Calibur, Beckman Dickinson, San Jose, CA). The purity of BMD-MSCs was determined using stained anti-CD45-FITC, CD73-FITC, CD34-FITC, and Stro-1. Cells were incubated with 10 μL of either anti-CD45-FITC, CD73-FITC, or CD34 FITC for 30 min at room temperature, washed three times with FCM buffer, and subjected to FACS analysis. To stain BMD-MSCs for Stro-1 (R&D, Minneapolis, MN) cells were incubated with anti-Stro-1 monoclonal antibody for 45 min on ice, then washed and incubated with secondary antibody as mentioned above. FACS data were analyzed by FCS Express software (*De Novo* Software, Los Angeles, CA).

Chemotaxis assay {#sec2-7}
----------------

The chemotaxis assay was performed as described previously.\[[@ref24]\] Cell culture inserts with 8-μm pore filters (Greiner Bio-One, Monroe, NC) were used to measure chemotaxis. *H. pylori*-treated or untreated MSCs (50 × 10^3^ cells) were added to the upper chamber, and 600 μL of serum-free DMEM with or without 100 ng/mL SDF-1 (PeproTech, Hamburg, Germany) was added to the bottom chamber. Cells were incubated for 6 h at 37°C and then cells remaining on the upper face of the chambers were removed with a cotton swap. Migrated cells were evaluated on the undersides of filters after being fixed with methanol and stained with 2% toluidine. Five random fields were selected for microscopic count using a 20× objective and light microscopy.

Statistical analysis {#sec2-8}
--------------------

Arithmetic means and standard deviations were calculated and statistical significance was defined as *P* ≤ 0.05 using Student\'s *t*-test.

RESULTS {#sec1-3}
=======

Characterization of isolated *H. pylori* {#sec2-9}
----------------------------------------

To determine the virulence factors of *H. pylori*, bacteria were cultured on brucella agar for 48 h, then harvested and virulence factors were examined by PCR. All the biochemical and microbiological tests confirmed that the isolated bacteria are *H. pylori* (data not shown). The isolated bacteria contain the genes for *vacA* and *urease*; however, *cagA* is absent \[[Figure 1](#F1){ref-type="fig"}\].

![Determination of *H. pylori* virulence factors. PCR results confirmed the existence of the two genes (*vacA* and *urease*) and the absence of the *cagA* gene. Nuclease-free water used for nontemplate control (NTC)](ABR-3-19-g003){#F1}

Characterization of BMD-MSCs {#sec2-10}
----------------------------

Morphological studies shown that our BMD-MSCs are elongated fibroblast-like shape, which is one the characteristic of BMD-MSC \[[Figure 2a](#F2){ref-type="fig"}\]. To examine the purity of isolated BMD-MSCs, the cells were stained with specific markers for MSCs and hematopoietic cells. As shown in [Figure 2b](#F2){ref-type="fig"}, our BMD-MSCs do not express CD34 and CD45, which are the markers of hematopoietic cells. In contrast, these cells are positive for STRO-1 and CD73, indicating that our BMD-MSCs are pure MSCs and are not mixed with any hematopoietic cells.

![Characterization of BMD-MSCs. (a) Morphological evaluation of BMD-MSCs in passage five. (b) Representative FACS analysis shows that BMD-MSCs are negative for hematopoietic markers (CD34 and CD45), but are positive for MSC markers (Stro-1 and CD73). Black-filled histogram shows isotype control antibody and red histograms show CD34, CD45, Stro-1, or CD73 antigens](ABR-3-19-g004){#F2}

*H. pylori* infection enhances SDF-1 expression in gastric epithelial cells {#sec2-11}
---------------------------------------------------------------------------

SDF-1 is a ubiquitous chemokine which is expressed in many cells including gastric epithelial cells, but the possible effect of *H. pylori* infection on SDF-1 expression in these cells has not been yet explored.\[[@ref25]\] In this study, we infected gastric epithelial cell line, AGS, with *H. pylori* for 24 h and by using semi quantitative gel-based RT-PCR and qRT-PCR, we found that SDF-1 is expressed in AGS cells and is significantly upregulated (2.3-fold; *P* \< 0.02) by infection with *H. pylori* \[Figure [3a](#F3){ref-type="fig"}--[b](#F3){ref-type="fig"}\]. Consistently, we observed that SDF-1 is produced by untreated AGS cells (111 pg/mL ± 33) and that SDF-1 production is significantly increased (3.15-fold; *P* \< 0.018) when the cells were infected with *H. pylori* (338 pg/mL ± 72) \[[Figure 3c](#F3){ref-type="fig"}\], confirming the RT-PCR results.

![The effect of *H. pylori* infection on SDF-1 expression in AGS. AGS cells were infected with *H. pylori* for 24 h, then mRNA was isolated, and SDF-1 expression was examined by qRT-PCR. (a) RT-PCR analysis of mRNA transcripts for SDF-1 in noninfected and *H. pylori*-infected AGS cells. β-actin was used as internal loading control for the RT-PCR. (b) qRT-PCR shows that SDF-1 is significantly increased in *H. pylori*-infected cells. SDF-1 expression was normalized to an endogenous control β-actin gene. \**P* \< 0.05 compared to noninfected cells. Pooled data of four independent experiments are shown. (c) SDF-1 secretion in the supernatant of noninfected and *H. pylori*-infected cells were examined by ELISA. Results correspond to the mean of three independent experiments. \**P* \< 0.05 compared to noninfected cells](ABR-3-19-g005){#F3}

*H. pylori* infection upregulates CXCR4 expression on BMD-MSCs {#sec2-12}
--------------------------------------------------------------

To examine the effect of *H. pylori* infection on BMD-MSCs, these cells were infected with *H. pylori* and CXCR4 expression was measured using conventional RT-PCR, qRT-PCR, and FACS analysis. Our RT-PCR data show that CXCR4 is expressed in BMD-MSC cells and *H. pylori* infection significantly upregulated (3.6-fold; *P* \< 0.035) it \[[Figure 4a](#F4){ref-type="fig"}\]. When we quantified the levels of CXCR4 mRNA, we observed that *H. pylori* infection leads to 3.4 ± 0.9 fold upregulation of CXCR4 in these cells \[[Figure 4b](#F4){ref-type="fig"}\]. CXCR4 expression was confirmed to be expressed at the protein level on the cells surface of BMD-MSCs and it was increased by *H. pylori* infection \[[Figure 4c](#F4){ref-type="fig"}\].

![The effect of *H. pylori* infection on CXCR4 expression in BMD-MSCs. BMD-MSCs were infected with *H. pylori* for 24 h, mRNA was isolated, and CXCR4 expression was examined by qRT-PCR. (a) RT-PCR analysis of mRNA transcripts for CXCR4 in noninfected and *H. pylori*-infected cells. β-actin was used as internal loading control for the RT-PCR. (b) qRT-PCR shows that CXCR4 is significantly increased in *H. pylori*-infected cells. CXCR4 expression was normalized to an endogenous control β-actin gene. \**P* \< 0.05 compared to noninfected cells. (c) BMD-MSCs were infected with *H. pylori* for 24 h, and stained with either mouse isotype IgG control or anti-human CXCR4 antibody followed by FITC conjugated goat anti-mouse antibody. CXCR4 expression was measured by FACS. Black-filled histogram shows isotype IgG control. Red and blue histograms show CXCR4 expression on the cell surface of noninfected and *H. pylori*-infected BMD-MSCs, respectively](ABR-3-19-g006){#F4}

Migration of BMD-MSCs toward SDF-1 {#sec2-13}
----------------------------------

To test the functionality of *H. pylori*-mediated CXCR4 upregulation on BMD-MSCs, we employed a chemotaxis assay and let these cells migrate toward SDF-1 gradient. As shown in [Figure 5](#F5){ref-type="fig"}, we observed that *H. pylori*-treated BMD-MSCs significantly migrated (1.8-fold; *P* \< 0.03) toward SDF-1 gradient than untreated cells, implying that upregulated CXCR4 on BMD-MSCs show a better response to SDF-1 gradient.

![*H. pylori*-infected BMD-MSCs show a better response toward SDF-1 gradient. Chemotaxis of noninfected and *H. pylori*-infected BMD-MSC cells was evaluated toward media alone or SDF-1 (100 ng/mL). 1 × 10^5^ cells were seeded into the upper chamber and let them to migrate into the lower chamber for 6 h. Then, the migrated cells on the lower side of the filters fixed, stained, and counted. Data of migrated cells from at least triplicate samples from three independent experiments are pooled and shown. \**P* \< 0.05 compared to noninfected cells. ns = non-significant](ABR-3-19-g007){#F5}

DISCUSSION {#sec1-4}
==========

Accumulating data has demonstrated that BMD-MSCs are involved in the carcinogenesis process induced in response to *H. pylori* infection, but the molecular mechanism of their migration to gastric mucosa has not been yet fully understood.\[[@ref8]\] Herein, we show for the first time that *H. pylori* infection increases CXCR4 in BMD-MSCs and these *H. pylori*-treated cells show a better sense to SDF-1 gradient. In addition, *H. pylori* infection enhances SDF-1 secretion by gastric epithelial cells, indicating that *H. pylori* infection increases the communication between gastric epithelial cells and BMD-MSCs through acting on the SDF-/CXCR4 axis.

SDF-1 is a ubiquitous α-chemokine expressed by a variety of cells and has been considered as a constitutive chemokine.\[[@ref26]\] However, many studies have postulated a putative role for SDF-1 in intestinal inflammation and experimental colitis.\[[@ref27][@ref28]\] Moreover, a comprehensive study conducted by Shibata *et al*. have demonstrated that overexpression of SDF-1 in stomach caused a significant enhancement of gastric epithelial cells proliferation, induction of inflammation, and development of tumor, particularly in combination with *Helicobacter felis* infection.\[[@ref29]\] In line with this earlier study, we demonstrate in the current work that SDF-1 is expressed at both mRNA and protein level in gastric epithelial cells and *H. pylori* infection upregulates SDF-1 expression in these cells. By using qRT-PCR, we compared the expression of SDF-1 in gastric samples of four patients with gastric cancer who were positive for *H. pylori* and with four patients who were negative for *H. pylori* and found that the expression of SDF-1 is slightly higher (1.3-fold) in patients with *H. pylori* infection than those who are negative for *H. pylori* (data not shown). Although, the number of subjects in our study was very small there is a trend (*P* = 0.07) toward upregulation of SDF-1 in gastric samples from patients with *H. pylori* infection. Our data indicate that *H. pylori* infection enhances SDF-1 secretion by gastric epithelial cells and that SDF-1 might chemoattract CXCR4-expressing cells to the gastric mucosa. However, Ferrand *et al*. have reported that *H. pylori* infection was not able to upregulate SDF-1 expression in mouse intestinal cells.\[[@ref30]\] This contrary could be explained as we used human epithelial cells which are naturally targets for *H. pylori* infection, but Ferrand and colleagues used mouse intestinal cell lines.

It is well known that CXCR4 is expressed on inflammatory cells and plays a vital role in trafficking of these cells to inflammatory sites.\[[@ref31]\] In addition, CXCR4 is a key player in retention of HSCs as it expressed on these cells and mobilizing agent, granulocyte colony-stimulating factor (G-CSF) modulates the SDF-1/CXCR4 axis, leading to mobilization of HSCs from the bone marrow into the circulation.\[[@ref32]\] We have previously reported that C5a and G-CSF significantly reduce CXCR4 expression on human neutrophils and decrease their migration toward SDF-1 gradients,\[[@ref23]\] indicating that the SDF-1/CXCR4 axis plays a crucial role in migrating of many cells. On the other hand, as previously reported, BMD-MSCs, but not HSCs, can repopulate gastric epithelium, and progress to cancer as these cells give rise to cytokeratin-positive metaplastic cells during of chronic *H. felis* infection.\[[@ref33]\] Accordingly, cytokeratin 19-expressing BMD-MSCs mobilize to the peripheral blood in response to *H. felis* infection and these MSCs contribute to gastric epithelial regeneration and repair.\[[@ref34]\] Further support of this observation is obtained from the data of a recent report, which demonstrate that the SDF-1/CXCR4 axis plays a critical role in mobilization of BMD-MSCs from bone marrow to burn wounds.\[[@ref35]\] In accordance with a previous study that demonstrated that infection of SDF-1 transgenic mice with *H. felis* enhances recruitment of CXCR4-positive BMD-MSCs to stomach.\[[@ref29]\] In this study, we show that *H. pylori* infection increases CXCR4 expression in BMD-MSCs leading to increasing of chemotaxis of these cells toward SDF-1 gradient. On the basis of our *in vitro* observation, we postulate that during chronic *H. pylori* infection, SDF-1 is overexpressed by gastric epithelial cells and that SDF-1 could chemoattract BMD-MSCs, which possess a high level of CXCR4 expression in response to *H. pylori* infection, into the gastric tissue. However, we have to consider that animal studies are required to confirm our hypothesis. Furthermore, in addition to the SDF-1/CXCR4 axis there are other molecular explanations for recruitment of BMD-MSCs into the gastric epithelium. Tumor necrosis factor-alpha (TNF-α) and CCL2 have been shown to be upregulated by epithelial cells infected with *H. pylori* and in contrast to CCL2, TNF-α was able to induce BMD-MSC migration.\[[@ref30]\] However, the effect of *H. pylori* infection on the receptors of TNF-α and CCL2 was not been examined.

In conclusion, we demonstrate that *H. pylori* infection upregulates both SDF-1 and CXCR4 expression in gastric epithelial cells and BMD-MSC, respectively, and that BMD-MSCs show a better response toward the SDF-1 gradient. Our data open a new window for studying migration of BMD-MSCs to gastric tissue during infection with *H. pylori* infection. However, more studies using animal models are required to prove this notion.
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